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(54) Abstract Title 

Roller cone drill bit having i 



s cutting elements oriented to optimise drilling performance 



(57) At least one cutting tooth 29 with a crest without rotational symmetry is located on the rolling cone of a 
drill bit. The drilling performance of this bit in a selected lithology is simulated and the orientation O-j of the 
asymmetrical tooth is adjusted and the simulation iteratively repeated until the optimum orientation has been 
determined. This is associated either with the peak value of a single performance parameter, such as the rate 
of bit penetration, or with the orientation that offers best performance as measured by a combination of 
parameters. A rypicatoptimum orientation is about 25* perpendicular to the plane containing both the cone 
axis and the tooth. The orientation of the base of the tooth may also be optimised in the same way and need 
not match the orientation of the tooth crest (figure 4). Also disclosed is a rolling cone with at feast one tooth at 
a different orientation to the rest, in order to prevent tracking. 
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FIG. 1 
(PriorArt) 




FIG. 4 
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ROLLER CONE DRILL BIT HAVING NON-AXE5YMMETRIC 
COTTING ELEMENTS ORIENTED TO OPTIMIZE DRILLING 

PERFORMANCE 



The invention relates generally to the field of drill late used to drill earth 
formations. More specifically, the invention relates to ir^flicKis for designing, and 
to designs, far drill bits having 'mprpy^*! drilling p**> fai ■ nann g. 

Roller cone drill bits used to drill wellbores through earth formations 
generally include a plurality of roller cones rotatably mounted to a bit body. The 
bit body is turned by a drilling ap p aratu s (driHing rig} while axial force is applied 
to the bit to drill through the earth formations. Hie roller cooes include a plurality 
of cutting elements disposed at selected locations thereon. The types, sizes and 
shapes of the catting elements are generally selected to optimize drilling 
performance of the drill bit in the particular earth formations through which the 
formation is to be drilled. 

the cutting elements may be formed from the same piece of metal as each 
of the roller cones, these being so-called "milled tooth" bits. Other iypes of 
cutting elements consist of various forms of "inserts" (separate bodies formed 
from selected materials) which can be affixed to the roller cones in a number of 
different ways. 

Some types of cutting elements, both milled tooth and insert type, have 
cutting edges ("crests") which are not symmetric with respect to an axis within the 
body of the cutting element. These are called non-axisymmetric cutting elements. 
Some types of roller cone drill bits have non-axisymmetnc catting elements 
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One aspeot of the nrvennon is . toller cone drill bit iavtag ««=r ««« 
rotttlMy .tooted » a bftbody. Baehoflnoconeeinctadee.,^*^ 
25 ekne^,a«le^oneof«tee«o n gelemen te ^^ 



^so^tbocre^^oricr.cdinasele^airecrioo. Tr.purpo.of such 

eicm , . e r « wl The method disclosed m this 

dements as they come mto ocmtact wrfh the earm 
trajectory is detennmed by estananng a rotation raau 

rotation of the cone. # 

. _ ^ ™,^™i^t a rate at which the drill bit cots tough ear* 
elements ate oriented to optimize a raw ax wmuu u* 

20 formations. 
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^tavafce of at leasts 

e^dirnent, the at least one parameter include x^ofpen^oaoffhe^l^ 
fa one embodiment, the crest of the at least erne cutting element « cnented 
* m angle of about 10 to 25 degrees from the ^ direction of movemeat of the 
^element as Hc^^ 

disposedmapositionontbe^dofte m another 

eMhodnnent, to angle is about 350 to 335 degrees **en me catting element as 

^^t^O^^t ^m^torexmoa is a method for desigrriag a roller cone drill 
m mrmmmg sinmlam^to hit *W*g earth formations. l*e drifct* includes 

of am^ elements, at least oneof me cotting elements beiag n^axtojW-kketac, 
iatbe rnemod, an oriemauoa of the cutting element is adjusted, and lb drifliagis 
^ smralated. Tlie ao?ustrnent and sm 

least one diilmigl«rfmniau« m one emoodmn^ the at 

oe perfbimance parameter includes to 

Omer aspects and advantages of me invention will be apparent fiom me 
description which follows. 



20 

Kgure l shows one 
axisymmetric cutting elements, 

Figure 2 shows a bottom id^ 
ratting elements oriented according to me mveation, 
25 Figure 3 shows one example of how to approximate a location of a drive 

row on a cone. 
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Figure 4 shows one embodiment of a OTttmg element which has n»ote to 
one diiection of a long dhnension. 

Referring to Rgure I, a typical prior art roller cone 6M» bit 20 includes a 
5 WtDody22bavinganexternalrymr^ 
of toito cones 26 (nsnaDy to 

22 and able to rotate trith re^ 22- inched to *e con*s 26 of 

feelm^Oareaphn^ | 
thesurfecoof^ J 

milled steel teeth. The ratting element shpwn in Figure 1 at 28 are non- 
axisynnnetric, meaning mat feecrest 28A of me catting element is not symmetric 
wife respect to a* axis ^ Ty&atily, the crest ^ 

28Aofanon-axisynnnetocc^^ (~) 

15 dimension, shown along fine L. An orientation of the long dimension L is O- 
generally defined as an angle subtended between die direction of the long 
dimension L and a selected reference. In this example the reference is me 

. , rotational mris of the cone, shown at A Any other suitable reference canhe used 
to define the orientation of the cutting element The non-axisyimnetric cutting 

20 elements 28 on the bit 20 shown in Figure 1 are arranged so that the long 
dimension h is sifcstimualry parallel (at zero degrees subtended angie) wife 
respect to the axis rotation A- 

It Sbnidd be noted feat the long dimension L for the crest 28A shown in 
Figure I is substantially parallel to fee en* 28A because fee crest 28A is linear. 

25 Other shapes of crest are Imown m feeart which will have different definitions of 
fee long dimension. For example, crescent shaped crests on some cutting elements 
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may have the long dimension defined as along a hue connecting the endpoints of 
the crescent Referring briefly to Figure 4, for example, a special type of cutting 
element 28B has a long dimension L2 across its west which as shown in this 
example is oriented differently than the long dimension LI of the base of the 
5 cutting element 28B. For the description of the invention which follows, fee 

orientation of the crest of such cutting elements will be determined by the jOt 
direction of L2. As wfll be further explained, the indhridual <m«tta4i C/s 
and of LI can be optimized to provide impn^ed drilli&g pxtixmatice. ^ 
Referring back to Figure 1, iflthoogh the bit 2«Hi» Q 

10 subs tantiall y all the catting elements 28 include the long d imensi on 1^ it is within |q ' 
the scope of tins invention if only one such cutting dement, or any othk number S 
of such cutting elements, is non-axisymmetric and includes long dimer sion ® 
The rest of the cutting elements may be axisymmetr^ Therefore, the number off 
ncm-axisymmetric cutting el ement s is not intended to limit file invention. 

15 It has teen determined that the orientation of the long dimension L with 

respect to the aris of fee cone A has an effect on drilling performance of the bit 
20. hi one aspect of Ihe invention, dri^^ 

formation is simulated The simulation typically includes determination of a rate 
- at winch the bit penetrates through the selected earth formation (ROP). among 

20 other performance measures. In this aspect of the invention, the angle of (he long: 
dimension L with respect to the selected reference is adjusted, the drilling 
simulation is repeated, and the performance of the bit is again determined. The 
adjustment to the angle and simulation of ^rfnfng are repeated until the drilling 
performance is optimi zed In one embodiment of the invention, op timiz a tio n is 

25 determined when the rate of penetration (ROP) is determined to be maximum. 

One such method for simulating the drilling of a roller cone drill bit such as 
shown in Figure 1 is described in U. S» patent application serial no. 09>'524,08S 
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25 



fifcd on March 13, 2000, and assigned to the assignee of this nwenUor-- The 
met hodofthe .088 patent appUcation is hereby incorporated by refimmcc. The 
mel hc4forsmnd^ 

fonnation may be used to opthW the design of roller cone drill bits, and to 
*01mg performance of a roller norm Kt The method includes 
meeting bit design parameters, sdectmg drinmg param^ 
earurftn^on to be drilled. ThebH design parniiieters genera^ 

me shape of the <mtting !*mm «*S '» , ?> SSST 
calcojating, ftom the bit design pmnneters. drilling parage* and earth 
fonnation, me parameters of a crater formed when one of ^c^mg elements ^ 
contacts the earth fbrrnation. The rneihod ■ * 
boimhdte geometry, herein the crater is removed from a bmtoinhole surface. 
The method also mclndes incmmientalty rotating the bit and repeating me 
calculating of crater parameters and bortomhole geometry based on calculated 
roller coarctation speed and geometrical location with respect to rotation of sad 
roller cone drill bit aboutrtsaoris. q 

In me present enmodiment, the shmuation according to the previously 
described program is performed. At least one drflhng perforinance parameter, 
which can memde the rate of penetration, is detemnned as a resuM of the 
sinuOation. The angle of the long dhnensfon of me at least one non- 
arisymmetric cutdng element is adjusted. The mnmWion is repeated, typical* 
inolttdmg nmmtahnng the values of all the omer driffing control and drill bit 
xameters, ar^ the vahje of tim a^ 

determmed. This process is repeated until the value of |be dnlling 
Derforraance parameter is optimized^ Jri one example, as previously explamed, the 

driffing perfimmmcerp 
determined to be at a ma ximum . 
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For the special cutting element 28B shown in Figure 4, the orientation of 
the crest long dimension L2 and the orientation of the base long dimension LI can 
hoth be adjusted, Ihe simulation repeated^ and the resute com 
of the at least cme driln^ performance It is believed that 

5 m some drill bits, nVsoicectioB 

of thecutting elements man at the base of me ajtting elements. Special g> 
cutting elements such as shown at 28B in Figure 4 provide the bit designer wim ^ 
me ability to optimize me orientation of die long dimension at both Ihe crest and at <j 
me base of the cutting elements to fimher^ m As for g-" 

10 the omer embodiments of a bit according to the various aspects of the invention, Ql 
the number of sttch special cutting elements as shc^ m Figure 4 is not meant to CD 
limit me scope of rite invention. 

o 

Another aspect ofnon-axisymrnetric cutting elements is that some ~ypc& of . =^ 
such cutting elements may not be symmetric wim respect to a bisecting plane. 

15 Other types of such cutting elements may be symmetric wim respect to a tisecmig 
plane. Refining briefly to Kgum l, typical prior art cutting da 
which are not axisymmetric nonetheless have a bisecting plane about which the 
coning element is s ymme tric; m the prior art, such cutting elements 28A are 
oriented such that the bisecting plane is substantially peipendicolar to the surface 

20 of the roller cone. Another aspect of die invention is that in addition to orienting 
me cutting element crest at a selected angle with respect to the cone axis, the 
bisecting plane is oriented at a selected angle wim respect to die surface of the 
cone. An example of this orientation is shown in Figure 2, where bisecting plane 
P subtends an angle 04 with respect to 

25 As wim other aspects of die invention, the orientation of die subtended angle 6« is 
preferably determined by selecting an initial value of the subtended angle, 
simulating performance of the bit, adjusting the angle, and repeating the 



..... , nf Ae at least one drilling 

8im ulatog performance *,a an optnnal vftlne of the at 

iw™. it has been determined that drilling 

(TCI) Ht taving "cMsel" d-pedmseaa. . i * 

01 ^ „ ^_ ^^^sdSsDOsedinaposi^ 

to fee axis A, - 

■ *~ — rffl - * T "*SST a ? h 

dfenosedinaiowiiid^ ^ 
that drilling petfonnance isinqwo^^wMWK ^ 

«-«K™t 350 to 335 degrees. The definition of the size of the angle 
^ a range of about 350 to 335 degrees (toward 

usedheieinisthat^^ leaams 
15 fee direction ©flotation of toe cone). 

It has been detemnned timftrgh shmilftlirm of drflKng with, the bit that ft 

i, ftboftt 25 deg^es. ftft* ^ a 

preferred vrfoe for eogl. % i. about 335 degree.. ^^^drf™,,™ 
ta the eveft. ******* ^/T ' 

p^ite . mote opttntod «he of the driUme perfbmumce pmameter, »-* » 

higher rate of penetration. sn,.™^ m 

Qrrememod fox eftmftring me of the drive to W » ah»^«d » 
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application. Having detennined or otherwise estimated the rotation ratio of the 
cone 26, a ratio of drive row distance r 2 fiom the axis of the bit B with respect to 
effective cone radius r, wffl be approximately related to the position of the drive 
row. The drive row position for purposes of this invention wffl be located <fj 
5 approximately at the position along the cone axis A where the ratio r^fa is 

approximately the same as the rotatim iatto of the ccne 2^. to ^ 
design, there may or may not be a row of & 
row location. The angle for orienting me at least one cutting element can be O 
selected, as previously explained, by considering me location of me at least one 

10 cutting element whh respect to me drive row location estimated according to the ^ 
previously described med»d, ^ 

Refer ri n g again to Figure 3, a particular featnrc of the mvention is shown 
which has as its pur pose further improvement of drilling performance. At least 
qimoffhcctflnng elements 30, m 

15 oriented at ute prefened anigte 0i,t* 

ihnt the row of cutting dements "will resist "tracking"- The magnitude of the 
difference in the angles is not impor ta n t, but only need be selected to avoid 
tracking, hi particular, whether toe selected difference in angle between toe at 
least one cutting element and the other cutting elements on the same row is enough 

20 to avoid tracking can be determined, among other methods, by using the d rilling 
simulation technique described in the H)88 patent appKcation referred to earHer. 

This feature of die invention can work with other embodiments of a drill 
bit For example, substantially all of (he cutting elements on the bit may have long 
di mension L parallel to the respective axis A of the cone on which each cutting 

25 element is disposed. At least one cutting element on any. one row of cutting 
elements on the bit may be disposed so that its long dimension L subtends, an 
angle other than parallel to the cone axis. In another example, at least one cutting 
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250 



dement on each row on cme cone can be disposed so that its long 
0te W^teto«-I«lH.:O— ^ Inyetanoti^exanxple,atleastone 
c^elementon eachcone, ox alternatively, at least one cutting element on each ^ 

^ofeachconecan^ <g 
ttec^eam.meachoftte T 
elemem so that ito long < 
other cutting elements in to same row are parallel tojheir respective cone am » g 
intended to rcd^ tracking. Tiris aspect of fl» mvennon will also work where fee ^ 
otter cmesofthe cutting elements ont&sainerow are not parallel to the coneaas <|) 
butam opposed* O 
-ttg^Kicmga**^ g 
all flic other catting dements on one row of wnnig elements on mm snch . -< 
configmanon is within the conlernplation of mis aspect of the hrvamon. In 
another example, each row of cutting elements on each of file cones mciudes at 
least one cutting element disposed at an angle different from all me other cutting 
elements on me row to avoid tracking. 

The invention has been described with respect to particular embodimente. 

ft wffl 1* apparem to mose skfl^ 

invention can be devised which do not depart fiom die spirit of the mvention as 
dlclosedherein. A^fc^M^"^^*^ 10 
attached claims. 
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Q. 

3 ^^I^d^ 5 



4 least one driilingl>erfbim^ ■.*.-.' 

5 adjustfog an ori^^ O 

• • • • -: V ■ :i£-:- : • -:««•• ! O 

6 onthcbit; ^ , t3 



10 pcrffotmimcep^^ 

j 2. The n»0»d as defined in claim 1 vrbe^ tte «* least one 

, 3. Hie method as defined in claim 2 ^wdtt Iho «s»tt^ <^ * 

2 detetmmedwhendieiateofpenetr^ 

! 4. The method as defined in claim 3 wherein the optimmn value 

2 deteimmed whence oriental 

3 at least one cutting element is disposed onftoard of a drive tow location on (he 

4 cone. 

, 5 ltoa ^od»drf^faca*3wfca^fc*«li^'*»«- 

2 detennmed when ^orientation^ 

3 eleme* is disposed out^^ 
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4 cone. 
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9 Themefliodasdefinrfinclaimlfnite 
2 a#*&»g an angle of a bfaccting plane of the at least one ^otwixkymmefcic 

4 non-axfeyinin^cefattmgeleme^ 

5 repeating the simulating and de tffmwning; and 
repeal tt» a*»«hi ^ bi«ti«g I*— ""S^ simulating and 

«mpM»W«>:«M'# rf ■*! * W T d,iI,i,,8 «* rfi ™ 
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8 pwanieteris**^ 
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6 Tie .nChod aa defined in claim 3 vain. .* ' 
[ whea 4e orison is to a xaage of about 350 to 335 degree when 



< 



7 ^exneAodasdefin^inclaimS^ 
3 elen^isdisposedn^^ <J> 

3 orientation of a taae of *e at test on. non^nsjnam^ e^ eiemem 
4. OI ^«»valo e ofa»otle^<«dralmg P e t «H^ 



o 

T3 

from an 



12 



2 



10 A roller cone drill bit, comprising: 

aptoraHtjof -».rt—*r» 
. ,ta»»y of orttog - «<* of *" CODes ' * ^ 



™«5». element ad m «i» «* *" cone on 
„„. luyn-axtanmnetnc cutting erann» ™» ™» ^ „ 





2 one drilling perfoanww P*^^ 



«. The r«Her cone drinbi^^ 
3 c«fl>o«dofad^iowlocationaBihec<^ 

am kh « defined in claim 10 wherein the angle is 
i 13 The roller cone drill wt as aenneu m ^«««- 

oc when (be at least one cutting element is disposed 

approximately 25 degrees wnen me » 



outboard of a drive row location ontheccne. 



14 tto^^ — lll-ii^^^^^^ 1 ^? 
2 ap**™dma*ly 350 to ''3^;^:^^*^.^.f^.^ " 
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row location. 



3 inboard of the drive row location. 
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1 

2 
3 

of the cone on ^ 

6 
7 

8 atl^onedriffingpertorffliin . 

, - . - . <wirn , iii-y^rem^iSiB at least' . O 
,11 The roBercoiie drill hit as defined m claimiuwto^m* 



, 1S . T toI ^^driBW«d^facWmlO,«4^fe«»«I»ta 

. i „ a* n+ least one cutting element is disposed 

2 approximately 335 degrees when the at leart cme cmuns 
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3 
4 
5 
6 



^i^^ c*** element nnd « ari. of of .no cone on «m* *e .« 

tea* one cutting element fa *W* m rabte,ded " 
a^ofOte of a»««H«i W mm«ric mating element and fte axfa of 0. 

con. are *«h selected to optimize . vrfoe of the at leas. mdfliagj-fa"- 



7 pananeter. 
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16 Tbe roller c^e drill bit as defined in claim 1 0 ^ the angle « 
*, J, of app— e* 25 degrees and appro*mately 335 degrees winch 

2 the one of ww**™* * cutting element is 

3 provides a higher rate of penetration, when the at eas ^ 

4 dlqHiBedoiiadirvenmlocatioiion^^ <g 

e_s*i vi*- ma fiftfii^B^i in claim 10 iwherein die cutting 

1 17. The roller cone drill hit as detmea m 

2 elenieitoconn^nnued steel teeth. 
t 18. T1*-,olteco»e^^ 

2 elemeuJsconn^tungsto O 

o 

t The roller e^^ 5 

2 dementscoinia^ 

, 20 The roller cone drfflhft as defined m 

2 cutfinge^ 

3 dfeposedrfadi^ 

, 21 , 1 |»i*c««ttl*-d«i»^ M ' - ^- - ^ 

2 S ub te nded between a long dimension of a crest of the at least one 
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1 24. The toller cone drill bit as defined in claim 23 wherein the at least 

2 (^dmlMperMiriin^ 



CD 



1 22. The roller cone drill hit as defined in claim 21 wherein the at least 

2 onedifllmgpcrfcnnanceparameiercom^ 

1 23. The roller cone as defined in claim 10 wherein an angle subtended 

2 between a bisecting plane of the at least one non-axisymmetric cutting element 

3 and a surface of the cone on which the at least one non-aadsymmetric cutting 

4 element is disposed is selected to optimize die value of the at least one drilling 

§ 

ma a 

q" 

CD 

o 

o 

1 25. Andlerconedrfflbit,conm^ ^ 

2 aphirahtyofronerconesrotataM 

3 a plurality of ncm-axisymmetric cutting elements disposed on each of 

4 the roller cones; on at least one row of die entth^ elements there being at least one 

5 of the cutting elements oriented at a different angle than the other ones of the 

6 cutting elements on die at least one row of cutting elements. 

1 26. The roller cone drill bit as defined in claim 25 further compr sing, on 

2 each of die roller cones, at least one cutting element being oriented at an angle 

3 different than the other ones of the cutting elements on the at least one row of the 

4 cutting elements. 
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27 Theronerc OM drfflbha 8 definedmcto26f^con,^ta g ,on 

^^ W ^^-.--*•-*- t *-*' a,,,,r< -•■ , '*" ^ 

ctting elements in a same one of Ob rows. g 

each of the roller cones. - ^ 



IlitetBDli ^p^el to .n.^of^ 



3 

4 is 



! 30 rim«^o a ^MWm&^^.^^'^^^^* m 

2 ^onesoffhec^ 



3 

4 18 



^j^antiaBy p-aBel to an «fa of «te one of <tae one of fto toller =on« « -H** 
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